Signaling molecules belonging to the Fibroblast growth factor (Fgf) family are necessary for directing bud outgrowth during tracheal development in Drosophila and lung development in mouse. A potential inhibitor of the Fgf signaling pathway, called Sprouty, has been identified in Drosophila. We have identified three potential mouse homologues of sprouty. One of them, called Sprouty4, exhibits a very restricted expression pattern. At 8.0 dpc (days post coitum) Sprouty4 is strongly expressed in the primitive streak region. At 9.5 and 10.5 dpc, Sprouty4 is expressed in the nasal placode, the maxillary and mandibular processes, the otic vesicule, the second branchial arch, in the progress region of the limb buds and the presomitic mesoderm. Sprouty4 expression is also detected in the lateral region of the somites. In the developing lung, Sprouty4 is expressed broadly in the distal mesenchyme.
Results
In Drosophila, branchless (bnl), a gene encoding a Fgflike protein, is expressed in discrete clusters of cells surrounding the developing tracheal placodes, exactly where a new branch will form (Sutherland et al., 1996) . Bnl activates the Breathless Fgf receptor (Btl) which is expressed on all tracheal cells. sprouty encodes a secreted, cysteine-rich protein which is thought to limit the range of Bnl signaling and may therefore be a negative regulator of the Fgf signaling pathway (Hacohen et al., 1998) . Our goal in this report is to identify and characterize the expression pattern of different mouse homologues of sprouty.
The Expression Sequence Tag data base (dbEST) from
GenBank was used to identify murine sprouty homologues. Among the three human genes identified to date, SPRO-UTY2 exhibits the highest sequence identity with Drosophila sprouty (Hacohen et al., 1998) . Five murine clones were identified in the mouse dbEST: Clone1 (600nt, AA437544), Clone2 (AA222134), Clone3 (AA 231263), Clone4 (700nt, AA499432) and Clone5 (1400nt, AA 591484). Clone1, 2 and 3 are overlapping clones showing 90% identity (at the nucleotide level) with human SPRO-UTY2. Therefore, they are likely representatives of the mouse Sprouty2 gene. An alignment of Clone4, Clone5, human SPROUTY2 and Drosophila Sprouty amino-acid sequences is shown in Fig. 1 . These clones are partially overlapping in the cysteine-rich region which is conserved between species. At the nucleotide and amino-acid levels, Clone5 and human SPROUTY1 display a high level of identity in the overlapping region (83% and 91%, respectively sequence with human SPROUTY1, SPROUTY2 and SPROUTY3 sequences shows only 60% identity in the cysteine-rich region. Clone4 may therefore represent an additional member of the sprouty gene family, which we call Sprouty4. In situ hybridization was carried out in whole mounts and sections of embryos between 6.5 and 11.5 dpc (Figs. 2 and 3). Only clone4 antisense riboprobe generated a strong signal as early as 8.0 dpc in the lateral plate mesoderm of the primitive streak. At 9.5 and 10.5 dpc, Sprouty4 is expressed in the nasal placodes, the maxillary and mandibular processes, the posterior part of the hyoid arch, the progress zone of the limb buds and the presomitic mesoderm. At 11.5 dpc, signal is also observed in the dorso-lateral region of the somites and in the otic vesicle. We also compared the expression of putative Sprouty4 with Fgf10 (the only FGF member associated with bud formation; Bellusci et al., 1997; Min et al., 1998) in 11.5 dpc embryos. Overlapping expression was detected in most sites, but Fgf10 is not expressed in the posterior part of the hyoid arch, the presomitic mesoderm or the dorso-lateral region of the somites.
At 11.5 dpc, Sprouty4 is detected in the mesenchyme but not in the epithelium of the maxillary and mandibular processes (Fig. 3A) . In the limb, Sprouty4 is expressed in the ectoderm and progress zone but not in the apical ectodermal ridge (Fig. 3B) . In the somite, Sprouty4 is mostly expressed in the myotome (Fig. 3C) .
At 11.5 and 12.5 dpc, Sprouty4 transcripts are localized throughout the distal lung mesenchyme, but not in the epithelium (data not shown) or in the trachea (Fig. 4A,C) . Strong expression was detected in the mesenchyme of the accessory lobe of the lung. In contrast, Fgf10 is expressed in discrete areas of the distal mesenchyme (Fig. 4B,D) . At 11.5 dpc, strong expression is observed in the distal mesenchyme of the median, accessory and right caudal lobes and in the lateral and distal region of the left lobe; no signal was Fig. 1 . Partial amino-acid sequence comparison between Drosophila Sprouty, human SPROUTY2, clone4 (putative mouse SPROUTY4) and clone5 (putative mouse SPROUTY1). Partial amino-acid sequences corresponding to the cysteine-rich region conserved between species, are shown as alignment of human-SPROUTY2, clone4, clone5 and Drosophila Sprouty sequences. Red characters show the conserved regions and conserved cysteines are written in blue. Dots represent gaps inserted to optimize the alignment. Clone4 and Clone5 share 19 out of 21 and 11 out of 13 conserved cysteines with both human-SPROUTY2 and Sprouty, respectively. detected in the trachea. At 12.5 dpc, Fgf10 expression was restricted to the distal mesenchyme between buds.
In conclusion, Sprouty4 and Fgf10 have overlapping but not identical expression patterns.
Methods
Noon of the day of the plug is 0.5 dpc. 10.5 and 11.5 dpc embryos from OF1 mice were dissected from decidual tis- al, allantois; cnf, cranial neural fold; dls, dorso-lateral region of the somites; fba, first branchial arch; lb, limb bud; mdp, mandibular process; mxp, maxillary process; np, nasal placode; nt, neural tube; ov, otic vesicle; pha, posterior part of the hyoid arch; ps, primitive streak region; psm, presomitic mesoderm; sr, somitic region; tb, tail bud; tc, thoracic cavity. sue and fixed for at least 2 h in 4% formaldehyde in PBS at 4°C, and then processed for whole mount and section in situ hybridization essentially as described in Bellusci et al. (1996) . Lungs at 11.5 and 12.5 were also isolated and fixed for 30 min.
To identify murine sprouty homologues, we took advantage of the Expresssion Sequence Tag data base (dbEST) from GenBank. All the mouse EST clones described above were obtained from the IMAGE consortium (UK HGMP; Hinxton, UK). The full length cDNA for Sprouty4 (Clone4) has been deposited in GenBank (accession number AB019280).
In vitro digoxigenin-labelled antisense RNA probes were synthesized from linearized plasmid in standard T3, T7, and SP6 RNA polymerase reactions (Hogan et al., 1994) . 
